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THE IMPORTANCE OF CORRELATING THE SPECIFIC
GRAVITY OF THE URINE WITH THE INTENSITY
OF THE COLOR CHANGE IN THE HISTIDINE
PREGNANCY TEST*
CHARLES W. NEUEHARDT
In 1929 Voge18 introduced the histidine test for pregnancy, thus
attempting to develop a procedure more simple and less expensive
than is the Aschheim-Zondek test. He considered it reasonable to
test the urine of pregnant women for the presence of histidine, since
it had been suggested that a connection existed between the elabo-
rated products of the pituitary and compounds of the beta-iminazol
type (histidine, histamine, and tethelin).
Voge applied to the urines of both pregnant and non-pregnant
individuals the method of testing for histidine previously described
by Knoop.9 In essentials, the method is as follows: To 2.5 cc. of
the urine under test 1 cc. of bromine water is added, and the mixture
is brought to the boiling point. A positive reaction is indicated by
the presence of a pink coloration, which rapidly fades; in a negative
reaction the original yellow color is maintained. Voge tested 60
urines, obtaining the following results:
Of 25 urines giving a positive Aschheim-Zondek test, 24 gave a
positive histidine reaction; an error of 4 per cent of false negatives.
Of 35 urines giving a negative Aschheim-Zondek, 33 gave a
negative histidine test; an error of 6 per cent of false positives.
These results afforded other workers sufficient encouragement to
lead to further work, but even though the same methods were
applied, the later reports of Dodds,2 Siddal et al., and of Young"
were not wholly corroborative of the earlier work. In fact, as the
following table (taken from Young) shows, errors of more than
25 per cent false negatives and 13 per cent false positives were
obtained.
* Based upon a Thesis presented to the Faculty of the Yale University School
of Medicine in candidacy for the degree of Doctor of Medicine, June, 1937.
From the Department of Obstetrics and Gynecology.YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE I
Spec- %;o False Not % False
Author mens Preg. pos. neg. %o preg. neg. pos. %o
Voge ........... 60 25 96 4 35 94 6
Dodds ........... 305 229 74.3 25.7 76 86.9 13.1
Siddal ........... 260 36 75 25 224 92 8
Young ........... 519 131 63 37 388 84 16
Meeting with no success through applying the simple Voge
technic, a number of workers have tried various modifications.
These were, for the most part, procedures designed to eliminate
various substances in the urine which, in their opinion, interfered
with the reaction. Kapeller-Adler4 described, in 1933, a method
which consisted in brominating the urine with a 1 per cent solution
of bromine in 33 per cent acetic acid and then treating the mixture
with an ammonia-ammonium carbonate solution. Upon heating on
the water-bath a positive result was indicated by the development
of a deep blue color. (An excess of bromine was avoided by testing
the mixturewith a potassium iodide starch solution.) In the follow-
ing year Weiss'4 also described a modified method, the principle of
which was similar to that of the Kapeller-Adler technic. In this
test a much stronger bromine reagent was used, the excess bromine
being removed by extraction with chloroform. In 1935 a further
modification was proposed by Seidman," in that the histidine was
first precipitated by Hopkins' reagent (a solution of 10 per cent
mercuric sulphate in 5 per cent sulphuric acid). By treatment with
hydrogen sulphide the precipitate was decomposed into insoluble
mercuric sulphide and a soluble fraction containing the histidine.
The supernatant fluid, after centrifugation and after expelling the
excess ofhydrogen sulphide by means of a current of air, was treated
with 1 per cent bromine solution in acetic acid and then with the
ammonia-ammonium carbonate solution. When heated upon the
water-bath the urine containing histidine developed a color varying
from pink to purple which could be compared with the color pro-
duced by a standard solution containing 1 mg. of histidine per cc.
Thus, Seidman attempted to make a roughly quantitative determi-
nation of the histidine content of the specimen of urine under test.
Of a series of 299 specimens so tested 94 of the 102 pregnancy urines
were positive, while 24 positives were obtained in the 97 specimens
from non-pregnant individuals. Such results quite obviously justi-
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fied the condusion that the quantity of histidine in a single urine
specimen could not serve as a basis for a satisfactory pregnancy test.
Another modified Kapeller-Adler technic was employed by
Foldes3 in 1935, and in this procedure it was observed that the inten-
sity of the histidine reaction increased with the rise in the specific
gravity of the urine. His condusion was to the effect that histidine
is to be found more often in pregnancy than in non-pregnancy urines
of the same specific gravity, but that the difference is not such as
to justify the use of this qualitative reaction as a test for pregnancy.
Krieger10 made, in May, 1936, a critical study of the methods
of Kapeller-Adler, Weiss, and Seidman, reaching the conclusioff
that of these procedures, that of Seidman was the most satisfactory
in that in this test the color reactions were not masked by pigments
present in the urine. However, in his opinion the histidine test
is not reliable as a test for pregnancy, since positive results may be
obtainedwith urines from males and non-pregnant females and, con-
versely, many specimens of urine examined during pregnancy, par-
ticularly in the earlier stages, fail to give a reaction.
Recently, in November, 1936, Kapeller-Adler reported an im-
proved technic, based upon the removal of interfering nitrites from
the urine by oxidation with N/I10 potassium permanganate in sul-
phuric acid solution. With this procedure it was possible to reduce
the false reactions to less than 4 per cent.
Little is known of the metabolism of histidine during pregnancy.
Kapeller-Adler7 is of the opinion that a histidinase of the liver,
which normally breaks down histidine completely, is inhibited dur-
ing pregnancy so that histidine is not decomposed and thus appears
in the urine. She has also founds that the histidine excretion coin-
cides with the beginning of prolan excretion-7the fifth week of preg-
nancy-and that it ceases on about the third day post-partum. Bickel
suggests that during pregnancy, and in the premenstrual state, there
is an arrested oxidation, whereby abnormal amounts of various oxi-
dized products of intermediary metabolism, especially nitrogen-
containing substances, are excreted. This, according to Bickel,
would explain the presence of histidine, since it is an incompletely
oxidized product of the metabolism of albumin.
It is thus evident that from a review -of the work thus far
reported the accuracy of the histidine reaction as a test for preg-
nancy is far from established; despite the decidedly favorable results
of Voge and of Kapeller-Adler due regard must be given to the
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work of others whose results have been far less satisfactory. The
latter group regard the test as useless as a practical diagnostic
procedure.
Experimental
The experimental work herein summarized was designed to
give the Voge test further trial and to consider more particularly
two factors which enter into the reaction,-the specific gravity of
the urine, and the intensity of the color change developing in the
reaction.
In an initial small series of tests many urines gave incorrect
results, but these tests served to point out the importance of the
factors under study. The significance of the specific gravity and of
the intensity of the color change became apparent in three ways.
In the first place it became evident that those urines of non-pregnant
women which gave a positive histidine reaction were all of a high
specfic gravity and when diluted to a specific gravity below 1015
they gave a correct negative result. A second finding was that the
urines of those pregnant women which gave no reaction, or but a
slight one, were all of low specific gravity: when concentrated by
evaporation they gave a positive reading. The third point was to
the effect that the intensity of the histidine reaction increased with,
the rise in specific gravity, as had been observed by Foldes. From
these observations it was conduded that the errors incidental to the
test as usually applied might be corrected by a correlation of the
specific gravity ofthe urine with the intensity of the reaction. With
this in view a table (Table II) was formulated from the empirical
findings of many tests on pregnancy and non-pregnancy urines.
Table II is applied upon the basis of the following interpretation:
Positive ornegative
Specificgravity Colorchange forpregnancy
1008 1 + positive
1017 1 + negative
1020 2 + positive
1026 2 + negative
1029 3 + positive
This method of reading the histidine reaction was applied to the
urine specimens of 483 unselected patients from the Gynecological
and Obstetrical Clinics of the New Haven Hospital.
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TABLE II
CORRELATION OF THE SPECIFIC GRAVITY AND THE INTENSITY OF THE COLOR CHANGE
Specific Intensity ofcolorchange -
gravity 1 + 2 + 3 + 4 +
1005 undet. + + + +
1006 undet. + + + +
1007 undet. + + + +
1008 - + + + +
1009 + + + +
1010 + + + +
1011 + + + +
1012 + + + +
1013 - undet. + + +
1014 - undet. + + +
1015 - undet. + + +
1016 - undet. + + +
1017 - + + +
1018 - - + + +
1019 - + + +
1020 - + + +
1021 - + + +
1022 - undet. + +
1023 undet. + +
1024 - undet. + +
1025 - undet. + +
1926 - - - + +
1027 - - + +
1928 - + +
1029 - - + +
1030 - - + +
1031 + +
1032 - - + +
1033 - undet. +
1034 - - undet. +
1035 - - undet. +
The exact procedure followed in makingthe tests was a modifica-
tion of that proposed by Voge, and may be summarized thus:
I) The specific gravity of the urine, preferably an early morn-
ing specimen, is determined. The specimen should not contain
blood or albumin, the accuracy of the urinometer used should be
checked, and all readings should be made under the same conditions.
2) Into each of two test-tubes measure 2.5 cc. ofurine, rendered
slightly acid.YALE JOURNAL OF BIOLOGY AND MEDICINE
3) Introduce, by means of a pipette, 0.5 cc. of bromine water
into each tube. The test bromine water is prepared by adding to
100 cc. ofdistilledwaterin aglass-stoppered bottle, 2 cc. of bromine.
Shake for 30 minutes. Decant the supernatant fluid and dilute with
2 parts of water. Store in a glass-stoppered bottle with vaseline
seal. Fresh solutions should be frequently provided.
4) Heat one of the tubes, without shaking, over a low flame.
Hold the second tube in view in order that color changes may be
compared directly.
5) Observe dosely the change in color as the mixture is being
heated. With a strong histidine reaction (3+ and 4+) a red ring
forms in the upper portion of the solution. Weaker reactions
(1+ and 2+) do not exhibit the ring change in color, but a pink
coloration develops throughout the solution. These color changes
are graded as follows:
+- = change in color to a deeper yellow.
1+ = slight pink color developing at the boiling point.
2+ = a more intense pink color appears at the boiling point.
3+ = a red ring appears in the upper portion before the boiling point
is reached.
4+ = the red ring is very pronounced and deep in color.
With dilute urines, that is, those having a specific gravity below
1015, no color change may be at once observed; with these, both
tubes-the standard and the one heated--should be set aside and
read again after 3 minutes. The development of a pink or violet
color indicates a 1+ histidine reaction. Urines below a specific
gravity of 1005 are too dilute to serve with this technic.
6) With the information provided by the specific gravity deter-
mination and by the intensity of the color change the diagnosis may
be made by reference to Table II. A few urines will be read
as "undetermined," and with these another specimen should be
examined, or recourse may be had to the Aschheim-Zondek test.
The results obtained in the present series of 483 patients may
be tabulated as follows:
Of the 483 specimens 40 were read as "undetermined" and no
diagnosis could be made.
Ofthe 443 specimens remaining there were 11 incorrect results,
giving a total error of 2.5 per cent.
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Of 295 pregnancy urines 292 were positive, 3 were negative;
an error of 1 per cent false negatives.
Of 148 non-pregnancy urines 140 were negative, 8 were posi-
tive; an error of 5.4 per cent false positives.
When grouped according to the month of gestation, the tests
made on the pregnancy cases show the following distribution with
reference to the occurrence of the false negative results:
TABLE III
Month Positive tests False negatives
1st and 2nd ............. 35 specimens 0
3rd ......... ..... 19 " 0
4th ......... ..... 25 " 0
5th ......... ..... 23 " 0
6th ......... ..... 33 " I
7th ......... ..... 54 " 0
8th ......... ..... 79 " I
9th ......... ..... 24 " I
It is of interest to subject to further analysis those cases, both
positive and negative, in which the test failed to conform to the
dinical condition. It may be mentioned, incidentally, that all cases
were followed until a definite dinical diagnosis relative to preg-
nancy was established.
TABLE IV
ANALYSIS OF FALSE HISTIDINE TESTS OBTAINED
Case Specific Colr Final Histidine
number Age gravity change diagnosis test Remarks
14 19 1028 3+ not preg. false + Married 2 yrs. Chronic pelvic
inflammatory disease
109 48 1024 3+ not preg. false + Cancer of cervix
149 ? 1035 3+ not preg. false + Aschheim-Zondek negative
278 32 1017 3+ not preg. false + Vaginal bleeding of 3 wks. dura-
tion; endometrial hyperplasia
298 24 1026 3+ not preg. false + Pelvic inflammatory disease; Asch-
heim-Zondeknegative
358 21 1025 3+ not preg. false + Sterility ?
442 16 1024 3+ not preg. false + Vaginal bleeding for 2 yrs.; dilata-
tion and curettage
477 21 1008 1+ not preg. false + ?
87 29 1016 1+ pregnant false 0 Pregnant 9 mos.
226 23 1010 -+ pregnant false 0 Pregnant 6 mos.
332 25 1009 0 pregnant false 0 Pregnant 8 mos.YALE JOURNAL OF BIOLOGY AND MEDICINE
The results here offered require but little discussion. It is seen
thatbycorrelatingthe specific gravity ofthe urineundertestwith the
intensity of the color change developing in the histidine test an
accuracy of 97.5 per cent is obtained. The efficacy of this correla-
tion can best be explained on the basis that all males (in a series of
50 male urines many histidine reactions were obtained, but when
correlated with the specific gravity as indicated in Table II, all were
negative) andnon-pregnant females excrete minute amounts of histi-
dine which, in urines of a specific gravity below 1015 will not give a
positive bromine test, but in urines of a higher specific gravity the
histidineconcentration issufficientlyraisedto yield a positivereaction.
Earlier workers have not taken this fact into consideration and have
thus obtained a high percentage of false positives. Similarly, preg-
nancy urines of low specific gravity give but a minimal bromine
reaction (none at all at specific gravities below 1005), and if this is
not recognized a false negative result will be obtained. It would
seem that correction might be made by bringing all urines to a given
specific gravity, for example, 1010. This was tried with a small
series, butitwas found to be a morecomplicated and a somewhat less
accurate method.
False positives constituted the greatest error, and there did not
appear to be any one clinical condition which consistently yielded
such results. Six of the 8 specimens giving the false positive results
were urines having a specific gravity of 1024 or above; all 3 of the
false negatives were with urines of below 1017. These results were
consistent with the early view that false positives might occur in
concentrated, false negatives in dilute specimens. Table II should
correct this error, and, indeed, did so in the majority of cases (97.5
per cent). The fact that no false negatives were encountered in
specimens collected from cases during the first 5 months of preg-
nancy increases the value of the test in its practical application.
Furthermore, the incorrect results were either just positive or just
negative readings; no errors were found in those tests which were
either strongly positive oryielded clearly negative readings. In this
latter group an accuracy of 100 per cent may be obtained, thus indi-
cating that the principle of the histidine test is sound.
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Summary
By correlating the specific gravity of the urine with the intensity
of the color change in the histidine reaction a degree of accuracy was
obtained sufficient to warrant the use of this technic as a test for preg-
nancy. Using aslightly modifiedVoge test on a series of 443 urines
only 11 incorrect results were obtained, a total error of 2.5 per cent.
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